meters, the type of instruction given to observers, the viewing situation, and the mean exponent or range of exponents shown in parentheses when these are given by the authors. The last column Teghtsoonian (1969) used apparent distance instruction in an indoor situation and neutral-apparent distance instruction in an outdoor setting. In fact, in this last situation the observers were told that the objective distances might or might not be the same as the apparent distances (R. Teghtsoonian & M. Teghtsoonian, 1970b) . According to the analysis of Carlson (1977) , this subtle difference in instructions can often account for large differences in results. However, at present, the role of instruction on perceived distance has not been systematically investigated (see Carlson, 1977) .
Furthermore, the list of factors affecting the mean exponent of apparent distance previously discussed is obviously not exhaustive. For instance, the size of the standard (the first stimulus presented) or the value of the modulus (the number assigned to the standard) presented for a given range may play some part, as may the position of the standard or spacing of the distances in magnitude estimation experiments. In addition, the lack of agreement among the studies reviewed in Table 1 relative to the value of the mean exponent points to the necessity for further research in a variety of natural settings, so that the functional relation between apparent distance to physical distance can be precisely specified for wider ranges of distances, for different scaling tasks, and for different instructional sets. The experiments to be summarized in this paper represent a first approach to studying some of these variables parametrically.
On one point all the authors cited are in agreement. No single one of these variables can account for all the differences in n. It is probable that the form of the power function that relates perceived distance to physical distance and, consequently, affects the value of the mean exponent depends on interactions among instructions (see Carlson, 1977; Rogers & Gogel, 1975 The purpose of the present study was twofold. First, it was to compare scales for perceived egocentric distance obtained from three psychophysical methods: magnitude estimation, fractionation, and ratio estimation. Six experiments performed with these methods are described, each experiment having a different objective. The first three experiments, performed with magnitude estimation methods, were designed to examine the effect of degree of availability of a standard distance on n. Experiment 1 was conducted to contrast the results of three experimental conditions, which vary in the degree of availability of the standard distance, with the range of distance and the position of the standard distance kept constant. Experiment 2 was designed to investigate the interaction between the range of distances used and the presence of a standard. In Experiment 3, the effect of the standard distance was examined in two conditions involving two sets of instructions for judgments of distance: objective and apparent. Experiments 4 and 5 were performed with the method of fractionation. In Experiment 4 the effect of type of judgment and the effect of distance range were investigated. Experiment 5 was conducted to compare distance scales obtained for children with those obtained for adults, while keeping the range of distance constant. Experiment 6 used the method of ratio estimation. The purpose was to investigate whether the prediction presented by Kunnapas (1960, Fig. 4 ) concerning the diminution of the exponent as a function of the range of distance for large distance ranges is correct (cf. Stevens, 1971 Stevens, , 1975 R. Teghtsoonian, 1971) . Because Kunnapas plotted the results he obtained with the ratio estimation method together with those obtained by Gilinsky (1951) with the fractionation method, it is possible that the slope of the curve that he predicted for large ranges of distance might well underestimate the magnitude of the exponent. This possibility is suggested by results presented in Table 1 . Experiments conducted with the ratio estimation method have shown a mean exponent larger than that produced by the fractionation method. With these considerations in mind, in this experiment two ranges of distances larger than those employed by Kiinnapas were used; one of them was close to that used by Gilinsky.
Second, since various ranges of distances were employed, the exponents obtained in different ranges were compared. According to the range effect, the exponent is a monotonic decreasing function of range. This effect was noted early by Stevens (1956) Silva ( , 1983a Silva ( , 1983b , for Exps. 4, 5, and 6, respectively) for a more detailed description of the materials and experimental situation used for each one. Consistent with the purpose stated in the previous section, these experiments will be summarized here with emphasis only on the method and ranges of distances used.
MAGNITUDE ESTIMATION OF DISTANCE EXPERIMENT 1

METHOD
The method of free-modulus (choice of modulus by observer) magnitude estimation with a standard distance of 32 m previously fixed was used in the three conditions. Ten distances were inconspicuously marked so that the experimenter could identify them at 2, 4, 8, 16, 32, 64, 96, 128, 256, and 296 m, encompassing a range of 2.17 log units as defined by R. Teghtsoonian (1973). The observers were instructed to assign numbers for each distance that seemed appropriate to represent the apparent distance as compared to the standard distance. The instruction was neutral-apparent.
The 80 observers for this experiment were divided into three groups and each group was presented with one of three experimental conditions. In Condition 1 (N = 30) the method of magnitude estimation was used with the standard distance assigned a value of 32 m and presented only at the beginning of each series of judgments. A series of judgments were magnitude estimates of the nine distances using 32 m as the standard distance. In Condition 2 (N = 30) the standard distance was presented for 10 s, followed by the distance to be compared with the standard. Another triangle of different size was used to mark the new distance. In this condition magnitude estimates were made, with the standard distance preceding each distance to be compared, and in Condition 3 (N = 20) the standard was presented throughout the experiment. Thus, in the first two conditions the standard was absent, and in the last condition the standard was present.
RESULTS AND DISCUSSION
Least squares fits to log transformed judgments as a function of log physical distance yielded exponents, scale factors, and coefficients of determination (r2) for individual power functions. The arithmetic means exponents and a standard deviation were 0.84 + 0.14 (range 0.57 to 1.27), 0.89 + 0.14 (range 0.61 to 1.23), and 0.92 + 0.14 (range 0.69 to 1.20) for Conditions 1, 2, and 3 described previously. The r2 values indicating the goodness of fit for the three experimental conditions were 0.98, 0.98, and 0.97, respectively. Because the presence of the standard throughout the experiment did not affect the exponent of the power function, F(2, 77) = 2.25, p > 0.05, the individual exponents from each condition were pooled. The arithmetic mean exponent was 0.87 with a standard deviation of 0.14 (see Table 2 ). The arithmetic mean coefficient of determination for all 80 individual power functions was 0.98 with a standard deviation of 0.016. In addition, a t test applied to each condition indicated that the mean exponents were lower than the theoretical value of 1.0 (all ps < 0.01). When all conditions are considered, the exponent was smaller than 1.0 for approximately 85% of the pooled sample.
The results of this experiment show that the presence of the standard kept at a constant distance does not affect the exponent of the power function that relates the apparent distance to physical distance at least for large distances in an open field. Thus, showing the standard only at the beginning or presenting it throughout the experiment did not affect the value of n. In other words, the requirement of remembering the standard did not modify the exponent. Table 2 ). The arithmetic mean exponent for all individual power functions was 0.86 with a standard deviation of 0.11, and the coefficient of determination was 0.99 with a standard deviation of 0.02. Again, a t test applied to each condition in both ranges of distances indicated that all mean exponents were less than a theoretical value of 1.0 (p < 0.001). When all the conditions are considered, the exponent was smaller than 1.0 for 94% of the observers.
These results confirm those obtained in Experiment 1, showing that the availability of the standard, regardless of the distance range, does not affect the exponent of the power function for apparent distance estimated in a large open field. Similar exponents were ob-tained regardless of whether the standard was present or absent or whether the range of distance was short or long. In other words, the lack of an effect of the continued presence of the standard holds for both the ranges used. For each judgment the experimenter marked a distance, and the assistant opened the observation aperture. There were two types ofjudgments: egocentric and exocentric. In the 1/2, 1/3, and 2/3 egocentric judgments, the experimenter, carrying a variable-distance marker, walked away from the observer toward the yellow triangle; in the 1/3 and 2/3 exocentric judgments, the experimenter walked away from the yellow triangle toward the observer. The observer was asked to divide that distance (0, D,) into two or three physically equal intervals. For this, observers were asked to say stop when they perceived that the distance from them to the yellow bar was a bisection (1/2) or trisection (1/3 or 2/3 egocentric), or when they perceived that the distance from the marker to the yellow bar was a trisection (1/3 or 2/3 exocentric). The instructions in this experiment requested objective judgment, and the observers were told that the experimenter was not interested in the "appearance" of the intervals produced but only in the physical equality of the intervals (two or three intervals) "as if measured with a measuring tape" (Rogers & Gogel, 1975 Table 2 ). In this range of distance, the exponent was smaller than 1.0 for approximately 65% of the pooled sample. In addition, the decrease in the exponent with the range of distance, although in the expected direction, was not observed for all types of judgments. In fact, t tests of differences between the range of 1.20 and 1.80 log units for each type of judgment showed that only the exponents of the 1/2 and 2/3 egocentric judgments in the range of 1.80 log units were lower than the exponents of 1/2 and 2/3 egocentric judgments in the range of 1.20 log units, respectively (p < 0.01). Moreover, in both ranges the functions for egocentric judgments were slightly decelerated, whereas for exocentric judgments the functions were slightly accelerated; however, some exponents did not differ significantly from 1.0. 1, 2, 4, 8, 16, 32, 64, 128 , 256, and 296 m, with a range of 2.17 log units. The observers were instructed to divide each distance, presented one at a time, into two physically equal intervals by saying stop when they perceived that the distance from them to the yellow bar was a bisection. A Walkie-Talkie was used when necessary. Objective instruction, identical to that of Experiment 4, was used. Each distance was judged twice, once ascending (starting from a point at the observer) and once descending (starting from a point at the marker). The measures were always taken from the origin to the center of the yellow bar positioned by the observer. adults. An analysis of variance of the individual exponents yielded a significant age effect, F(4, 122) = 7.60, p < 0.01. Subsequent comparisons by Duncan's test (p < 0.05) showed that the adults differ from all the other groups and that the 12-year-olds differ from the 6-year-olds. All the other comparisons were nonsignificant. A t test applied to each group indicated that the mean exponents are all lower than the theoretical value of 1.0 (all ps < 0.001). In addition, when all the groups are considered, the exponent was smaller than 1.0 for approximately 98% of the observers. The mean exponent with its standard deviation and percentage of exponent less than 1.0 for adults is shown in Table 2 .
Results
The results of this experiment indicate that the difference between the adult group and the four younger groups, as well as the difference between the 12-year-olds and the 6-year-olds, reflects a developmental change. Also, the perceived distance in a large open field both for adults and for children is a negatively accelerating function of the physical distance. 0.80, 1.60, 3.20, and 6.40 m, and the range of 1.50 log units the distances  of 1.50, 3.00, 6.00, 12.00, 24.00, and 48 .00 m.
RATIO ESTIMATION OF DISTANCE
The procedure was essentially identical to that employed by Kunnapas (1960, Exp. 1). The indicated distances were presented to the observer along two lines of sight, separated equally to the right and left of the center line and forming an angle of 55?. One distance was indicated by a triangle on the right side and the other on the left side. All combinations of the nonidentical physical distance were used (10 for the range of 1.20 log units and 15 for the range of 1.50 log units). The task of the observer was to report in percentage the ratio of the shorter distance to the longer one. Each observer estimated each pair of distances twice. In the first judgment the smaller distance was presented on the left side of the observer, and in the second judgment it was presented on the right side. The pairs of distances were presented one at a time in a different order for each observer.
RESULTS AND DISCUSSION
Mean ratios were computed. Scale values were computed from the ratio matrices according to a procedure proposed by Ekman (1958, Formula 14) and described by Bogartz (1979) . The arithmetic means and standard deviations of the exponents for each range were 1.05 + 0.18 for the range of 1.20 log units, and 0.90 + 0.11 for the range of 1.50 log units. The mean coefficients of determination, r2, were 0.99 for both ranges. A t test showed that the mean exponent of the range of 1.20 log units was greater than the mean exponent of the range of 1.50 log units (t = 3.03, df = 44, p < 0.005). In addition, a t test carried out for each range indicated that the mean exponent for the range of 1.20 log units was not different from a theoretical value of 1.0 (t = 1.50, df = 29, p > 0.10), whereas that for the range of 1.50 log units was lower than 1.0 (t = 3.52, df = 15, p < 0.005). When both ranges are considered, the exponent was smaller than 1.0 for approximately 72 % of the observers (see Table  2 ).
It is clear from these results that an increase in range of distance was associated with a decrease in exponent. Taken together with the results of Kinnapas (1960) , who used the same procedure, the re-suits strongly suggest a dependence of exponent on range of distance.
GENERAL DISCUSSION
For all six experiments the power function provides a good approximation of the data. My primary interest in this section is to discuss the value of the exponent (n) as a function of the range and method used. For doing so, the arithmetic mean exponent for each method and for each range of distance and its standard deviation and ranges of exponents are shown in Table 2 . This table reveals that both the psychophysical method and range of distance affect somewhat the mean exponent of the power function for perceived egocentric distance in a large open field.
Comparison of methods
When the same range of distance was used, a comparison between the three methods shows that they produce different mean exponents. For the ranges of 1.20 and 1.50 log units, the mean exponent by the ratio estimation method was greater than that produced by magnitude estimation (t = 7.73, df = 68, p < 0.001; and t = 1.94, df = 54, p < 0.05, respectively). For the range of 1.20 log units, the mean exponent by ratio estimation did not differ from that of fractionation (t = 1.48, df = 228, p > 0.05). For the ranges of 1.20 and 1.80 log units, the mean exponent by fractionation was larger than that produced by magnitude estimation (t = 5.42, df = 238, p < 0.005; and t = 3.20, df = 183, p < 0.005), but the reverse occurred with the range of 2.17 log units (t = 3.79, df = 99, p < 0.005).
In short, for comparable ranges of distance, the results presented in Table 2 show that the method used has an effect on the exponent of the power function that relates perceived egocentric distance to physical distance. In general, the exponents produced by magnitude estimation are smaller than those produced by ratio estimation and fractionation. Also, the mean exponent by ratio estimation is very similar to that produced by the fractionation method.
These results confirm those of Rogers and Gogel (1975) , R. Teghtsoonian and M. Teghtsoonian (1978) , and Ramsay (1979) who found different mean exponents with different psychophysical methods. Rogers and Gogel (1975) found that mean exponents by bisection procedure were larger than those produced by reproduction both for apparent and for objective instructions. R. Teghtsoonian and M. Teghtsoonian (1978) showed that the mean exponents produced by magnitude production of distance were different from those produced by magnitude estimation, but whether the magnitude production or magnitude estimation exponent is larger apparently depends on the range of distances. Also, Ramsay (1979) showed that for apparent area the magnitude estimation exponents were substantially smaller than those produced by area matching or ratio estimation. Furthermore, these results confirm the conclusion of Baird (1970) apparent distance must be made cautiously in terms of the specific psychophysical method and of the particular viewing situation. In other words, it would be unwise to accept a single exponent as representative of a general function for distance estimates, because the exponent depends upon the particular experimental method.
Comparison of ranges
Results presented in Table 2 show also that the range of distances affects the value of the mean exponent. The diminution of the exponent, often as a function of increasing distance, is not the same for all methods. For fractionation and ratio estimation, an increase in range was associated with a decrease in exponent. For the fractionation method, the mean exponent for the range of 1.20 log units was greater than that for ranges of 1.80 and 2.17 log units (t = 3.16, df = 303, p < 0.0005; and t = 9.00, df = 219, p < 0.0005, respectively). Also, the mean exponent for the range of 1.80 log units was larger than that for 2.17 log units (t = 4.30, df = 124, p < 0.0005). For the ratio estimation method, the mean exponent for the 1.20 range was larger than that for the 1.50 range (t = 3.03, df = 44, p < 0.0005).
On the other hand, the decrease of the exponent as a function of the range of distances is not altogether clear from the results obtained by the magnitude estimation procedure. When only two ranges of distances were compared as occurred in Experiment 2, the results showed an effect of the range of distance. In fact, the mean exponent for the range of 1.20 log units was greater than the exponent for the range of 1.50 log units. When all the ranges studied with this method are considered, the results indicate a diminution of the exponent as a function of an increasing range that in addition to being irregular is often slight. Possibly this uncertain effect may have resulted because the value of the nearest distance for each range of distance was different. If an identical minimum distance had been used, a stronger effect might have been found.
The results obtained from fractionation and ratio estimation methods confirm those of Kfinnapas (1960) In summary, the results presented in Table 2 support the conclusion that increasing the range of distance decreases the mean exponent for the power function that relates perceived egocentric distance to physical distance. An apparent exception occurred in the range of 1.50 log units due to the unusual smaller arithmetic mean exponent obtained with magnitude estimation. Also, the results found in these experiments confirm the interpretation of Gogel (1974 Gogel ( , 1977 ) that the effectiveness of the major distance cues decreases with increasing physical distance.
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